This paper presents the artificial intelligence techniques to control a proton exchange membrane fuel cell system process using particularly a methodology of dynamic neural network. 
Introduction
A fuel cell is an electrochemical device that can convert the chemical energy into electrical and thermal energy [1] [2] . It is environment friendly as the only byproducts are water and heat. There are various types of fuel cells which can generate electrical power ranging from milliwatts to megawatts. It can be utilized in a construction of portable electronic equipment, vehicles, residential or even in distributed power systems . A typical type of fuel cell is the proton exchange membrane fuel cell Fig. 1 (PEMFC). There are several reasons for PEMFC to be a popular technology including its solid membrane and medium temperature range operation, which allow PEMFC to be operated in any orientation and easy start-up [3] [4] [5] .
shows the operating principle of a PEMFC. The PEMFC functional process is as follows. The hydrogen enters the anode channel, and diffuses through the anode diffusion layer toward the catalyst, where the hydrogen dissociates into ions (protons) and electrons. In the hydronium ion form, m(H 2 O)-H + (m = 1-5), the protons migrate through the proton exchange membrane to the cathode and the electrons pass through an external circuit where they produce electric work. Meanwhile, on the cathode side, the oxygen enters the cathode channel and diffuses through the diffusion layer, splits up at the catalyst layer surface and reacts with the protons and the electrons to form water. Physical and chemical reactions such as gas diffusion, dissolution, absorption, departure, and precipitation are closely associated with temperature, pressure, humidity, and gas flow rate. Fuel cell performance thus is determined by many parameters, such as the operating temperature, operating pressure, humidification temperature, and flow rate of the reactant gas. Each parameter, depending on the conditions, will exert different effects on the reaction, so some experiments and analyses are necessary to quantitatively determine the effects of these parameters on the PEMFC performance. In terms of experimental process, most studies use one-factor-at-a time experiments or fullfactorial experiments. However, these approaches suffer the following chief shortcomings: they frequently result in factor effect bias; and too many experiments are required when analyzing a large number of factors to the point of failing to perform the experiments efficiently [7] . Polymer exchange membrane fuel cells (PEMFCs) are suitable for trans-portable, mobile and housing applications, due to their natural advantages, such as high-power density, simple, clean and safe construction and fast startup, even at low operating temperatures [6] . In order to understand and improve the performance of PEFC systems, several different mathematical models have been proposed to estimate the behavior of voltage variation with discharge current of a PEFC. Recently, numerical modeling and computer simulation have been developed for understanding better the fuel cell itself. A well-designed artificial neural network (ANN) model provides useful and reasonably accurate input-output relations because of its excellent multi-dimensional mapping capability. Artificial neural networks are computational paradigms made up of massively interconnected adaptive processing units, known as neurons. They have been extensively employed in various areas of science and technology, such as pattern recognition, signal processing and process control in engineering [6] .
In this paper, we will examine the application of ANN approaches to the modeling of PEM fuel cells. Proton exchange membrane fuel cell (PEMFC) systems consist of thermodynamics, electrochemistry, hydrodynamics and mass transfer theory. ANN tool allow studying fuel cell model by knowing the input and output data for some parameter. The input of developed model are current density, it represents 20% from total data. The output is voltage. The test data represent 80% of total data.
Development of an empirical model
ANN is a powerful data modeling that can be used to complex system. There are many models have been developed for different applications [4] . The models have been developed depend on topology of case study. ANN has two types of architecture, first feed-forward allow signals travel one way only from input to output. Secondly, networks feed-back networks the signals can travel in both directions by using loop. ANN learning can be supervised (learning with teacher) or unsupervised (learning without teacher) [4] . The supervised training, each element in input vector has specific element in output target vector. While the unsupervised training, the ANN model is not trained to any certain output target.
Feed-forward neural network with Back propagation (BP) has been used. BP has high ranking used in identification and control field [7] . BP consists from three main parts. First part is input layer, which contains the input data to process to product next layer. The second part is hidden layers. This layer may be one layer or more. The hidden layers product from input layer and produce the third part. The third part is output layer.
The output layer is one layer like input layer. The output layer represents the output of ANN to real world. 
The network would be trained until the output of neural network more nearly (or equal) target which need to arrive to it. The amount of error between the target and output of network training can be calculated as following:
Where pi t is the target (despaired output), pi O is the network output, N is the number of outputs of network, p is the total number of training. The amount of p E must be minimized.
When BP using in training, it was found that, the training time is long and conversation is very slow. So, levenberg-Marquardt BP algorithm has been used. BP has been depending on gradient descent technique. Levenberg -Marquardt has been depending on gauss-Newton method. The combination of these techniques allows the neural network to train with a high degree of efficiency [8] .
The ANN model developed has been used feed-forward neural network with supervised training with levenberg-Marquardt back propagation (LMBP).
Figure 2. Back Propagation neural network

Experimental details
Two electrodes of commercial Nafion 115 membrane with the same type of catalyst and backing layers were used to validate the model in this study. The catalyst layer was prepared by mixing 20% Pt/C and Nafion solution. The catalyst loading was about 0.4 mg Pt/cm 2 for both electrodes. The membrane and electrode assemblies (MEAs) were hot-pressed at 195°C for 2 min under about 8 MPa pressure. The bipolar plates are made of carbon graphite. The flow field is the serpentine geometry. The active area of each electrode was 300 cm 2 .
The cells were operated under 100 kPa with hydrogen and air at different gas temperatures and humidity conditions. The fuel cell test station was equipped with a temperature-controlled humidifying system of the reactant gases and the temperature controller of the cell. The humidifying temperature for H 2 was regulated from 40°C to 90°C and for air was 50-80°C. The cell temperature was controlled from 60°C to 80°C. The flow rates are controlled by mass flow controllers and each side reactant pressure is regulated by pressure regulators.
Results and discussions
The ANN model has been developed using Matlab software. The values of geometric details of cell are listed in Table 1, while Table 2 contains the electrochemical transport parameters values for base case operating condition as is shown by Rowe [2] . The results for base case operating conditions were verified with experimental results provided by Wang et al. [9] . The model has been developed as first by selecting 30% of experimental data as training points. The chosen points must have the limit points of experimental results. Secondly, LMBP could be predicted the reminder points of curve. The ANN model has been validated by comparison with experimental published results provided by Maher A.R. [5] . he ANN model has been completed well with experimental data. The comparison between ANN model and experimental data is shown in Fig.3 . The complete comparison which is obtained releases the high reliability of ANN model developed. Also Fig. 4 shows that the error is 1 e-8 less than the goal error 1e-6 set in the program. The performance of the network satisfies the requirement. The neural network model can simulate the dynamic response of voltage/current, and maximal error is less than 2 e-5 V at current density 1100 A m -2 . The training error is decided by the goal error, choosing the most suitable neural network to improve the accuracy of identification with the method of trial and error of 1e-6 define inside program build. The performance of network model arrives to requirement level. The goal achieved after 10 iterations. The number of hidden layer has been used in developed model was one hidden layer. It was noted that the best performance of network verity at one hidden layer due to less mean square error. Table 3 explains the mean square error (MSE) from network at different hidden layers. The number of nodes has been used in developed model three nodes. It noted that the best performance of network verity at three nodes. Table 4 explains the mean square error (MSE) from network at different nodes at layer. 5 shows the power curve of model versus cell current density. It was noted that with increasing current density the power was increasing .So, the high power value would be in high current density value. It shows a good agreement between numerical and experimental data of output cell power. 
Table1. Geometrical and operational parameters for base case conditions
Conclusion
Artificial neural network model has been developed. The developed model aims to develop a nonparametric model. The ANN model has been developed using LMBP algorithm .ANN model has been simulated the performance of fuel cell without complex computation. ANN model has been validated with published experimental results. It was observed that, the polarization curve of ANN model has good agreement with experimental polarization curve and the output cell power too. The excellent agreement ANN Model data achieved give us the capability to thrust the high ANN model reliability which can be used in fuel cell applications.
